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Orbiting Geophysics Laboratory Experiment

I. INTROI)C'TION

With the Space Transportation System (Shuttle) beginning its operational ac-

tivity, there is the practical opportunity of performing space experiments lasting up

to a few days. A normal STS flight may last 7 days, which is a very long time com-

i)ared with the typical 15-minflight time of a sounding rocket.

Several different techniques may be implemented to utilize the STS for scien-

tific experiments. One technique aiming to avoid space contamination caused by

the STS itself is to place the experiments in free space outside of and away from

the STS. A small package could be left detached from the STS for a long time, up

to a few days, and retrieved by the STS for return to Earth. This report examines

in some detail this particular technique.

2. OBJECTIVES

The main objective of this project was to investigate the technical and economic

ffasibility of building a space platform to be utilized as a support system for AFGL

space experiments.

Detailed objectives of this investigation were:

(Re ceive , for publication 15 October 1982)
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(a) Flight duration.

(b) Data telemetry vs data recording,

(c) Attitude control system,

(d) Power supply.

In this investigation many decisions related to our objectives had to be taken

by extrapolation from previous experience resulting from sounding rocket flights

and by applying engineering judgment

3. GENERAL CIARA(rERISTICS

This platform is to be designed as a free-flying support system for scientific P
experiments. The STS must supplv mechanical support and transportation, deploy-

ment i, orbit, and retrieval by means of the Remote Manipulator System. The

mission is envisioned in this way: when the STS is in orbit, the crew must activate

an automatic test of the platform by a radio link switch and watching a Yes-No

response before deployment; after this simple test, the STS crew may deploy the

platform in orbit and then by radio link activate the experiment mode. The remain-

ing action required of the STS crew is experiment turn-off by radio link, retrieval

from orbit, and stowage into the STS payload bay. This minimal dependence on the

STS should allow for a wide range of experiments and offer a rapid response to

opportunities for flight. Safety considerations should be present at every step of

the design. This means that only manned flight-rated component units should be

used since testing a non-rated unit is a Long, complicated, and expensive procedure.

The probable cost of a reusable support system seems to be lower than that

,)f non-reusable packages even if it is difficult at this time to determine exact fig-

ures and the break-even point. Low cost of the platform is a very general design

9bjective that has to be considered at each step by applying engineering judgment

based on previous experience from sounding rockets.

t. FIIGIIl' I)1 RA'ION

In order to offer a s;ubstantial advantaqe with respect to a sounding rocket, it

is clear that our space support system mu.st be capable of operating for the major

part of an STS flight, that is approximately seven days. Experiment support and

hous(eke(.eni nL ?ust be available for this ten ,th of time, offering to the scientists

the practi.al pos sibilitv of lone axpe rinments. Also, several different experiments

an be supportod in a single flight.

* S
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5. SCIENTIFIC DATA AND SUPPORT DATA REQUIRENIEN'IS

It is cons ide red essential to in imi ze the STS c rev %%orkioad arnd also that (t

Earth -based telemetry sites. This last point mieans that atlI the dat a res ultinrg from

the experiments, plus somie housekeeping i nfori at ion, rmust he re corde ii '-board.

Magnetic tape recording is presently tire best method to accoirplh thiis <b1 ict ivi.

Thle obvious result of these cons ide rat ion.s is that tire tape recording s sn(orre

recorder or more) is one of the most im portant susvsteis to be inst site' onl the

platforni. Selection of a flighlt -approved tape recorder systeni is protbbltv the l0 rst

itemi to be considered when iles ni ng our- spIace( plat 0cmn. Hirect digital or anralog,

recording choices rem ains undeterirn red at this tiinwe

Major consi de rat ions are totat recording capabiIi tv and power absorption. It

rs extremely di fficultt to establisir tireor''t i caltlv tire lata storage c apacitv iriedeld

for a tvpical platform nmissiorn, htrt it. is possible to reach sonlic l.'AsOnable nilreri -

,at values by ext rapolit ion frvom the Sonrdinrg Rocket F xpe rim ents . E.ngine ri rig

.1ud.ni ent based onl prev ious e xpe rioec 5houtrl providhe a rca soriabi i' starti rig point

for thle overall Iesi-,,ri.

A typic-al 16 -in iin rocket flight terre rates data who cii are recorided onl one track

)f tape 9200 ft long,. These( data ini dude ouespirgdata, arnd amounit toi ahpro xi -

iii at, -Iv 2- 1 0 bits of info rniation. Liv eriinec ring jrudgrimerrt it scerir des irale to lie

-ible tor store at least 10 tim is; tlie above am ourit , thlat is, a totat. of approxinatetv

2-1 to bits. Thiis wourld al[low tile plat form to siruppovt experimiernts wkit ii fairlnv fast

lata collect ion (2 AIt its / sec I for up to 160 wil iiif aitive iii asrreire is. I )i ftcrent

recoriniig iietiiodt (Iirecc, ['CM. liM R ) nirav be used, but at tis poirrI oiriv ',ilt(.

'otal storage capacity is of' inrte rest. liii s va litre i 2-10 1 ilt s as anl e sti niate for

total storage capacitv is comirpatible with existine data recorders; thicretore, it (alr

be a' cepted as a reasonable -;tarti rig point.

6. A1 ( ;GSTED D)ATAX STORIAGE SY STEM

S-everal di ffe rent nimethiods could he applied in pii iciphi to tiroxiihe ort stoiuit,~

capacitv (if 2- 10 tohits. Conventional [HAM i1-hips or- btbbic oilir'v chips. could ire

uised, but their, capabilities are ir~feitlto ialii~tel. Hubble r iriiiii' hips oft

I '\It capacity exist, but it is clearly nit prlaical tot~s iblIe tm niirv uit

hiavingr 20, 000 ( iiips. Iligher Ilristy chip-; iay liecrin' 'rxrrilahil., inl r1'a illiTle

I Onear. future. Opticall i'eQord'irigi !1a.- the 1iinir wi highl r:pl.itv. ihutisril

it is riot Ilitiiiiil as; a levolopi rikai Sn iaii'< (i"'w n r SlIrgi'

A -u;a[ ritmot.tlisrh t;.i'ri r ~i i



hurst ~ ~ ~ ~ ~ ~ i! i I'' tn-n -\5r.~s~n5: ar to rrar~zrretlv- rapt'( or lisk recorders;

ilili~~l. i i i''irot~ih~'t- cxt)ct s4imilar limiitations, at leaist for the near

Fhis Icaco. 'sn.a'_isti s > '2 this Il iti l methiod to be cornsid~ered. Disk

CA!''ut ,e 1W ili'klv. rtllk I znut, al-(air, btt' its too swtl ,apacitv: a tYpical 8-in.

['not'- 1<5 'lot.)'' up to 12 Mhlits;, while S-in. Winc'hestei hrives csan store up

10 Ihit, Olrich is- nS11;1h too little.

:11 't~i!Aiil iioe5 uitaes; the intgnisti c tape recorders as the only prac -

S':':' 'c'ii~i$5ai're irci,1tlIs oli erirrgr space flight rated tape recorders,

1! 1 A: iki tl' t'-oiii i~ odels which ar-e thefinitely of interest for our

4 5:)i I ,cI' cool 'v ionl. ti irs ia'rat ion has heen given to the following mianu -

lr II' -. It' , Lw Plioed. I lorevwol I, Am pex, ENIiI, anti Bell and Howell.

I''t': ci' is'hui' :' is i.nutted hor'e:

N>' l II i 00)1 Modlel PDS 6000 EC

li I () 5'' . 00hts 10PMi Stor'age: 7. 5 10 10bits
hi'''rihi - 1-2 2 Mbits sec Reord Rate: 50 2~bt e

, 2 in:.A' Recordi Speed 75 in. /sec

I AIn' 1 -' 20 TO4'atpr Length: 93200 ft
Ii i 2-c4 I lata T1racks: :38

W~ r? ' a 65S-';5 XXRecord Power: 150 XV

Stcii' 1 w' :2 GIX Sta ndbv Power: 30 WV

ti"' Xoirx1, 5 00, 0 00 hPrice: Approx $2, 000, 000

iiu 0 (0 0 fo r including seated

t-opressure pressure vessel

(. 'ss- e I

h-0i vo :'s'it\ tXtloinit a n-w unit capable of recording a I1%ltbit/sec

ir o'wf lin'. P''''r ah.so rptio:i approx 75 XW. Price in the $100, 000

- ~ ~ ~ t!I. \;)ro! 2' v'''iiiscthears.

5'n t
it. i: o -tit of al ti, .r rated riohel (r-cail in 24 to :30 mnrthis)

i'. nIi' 'hlii~rtu iri ,''terr~ti's

F' , It Sti()r 12.': I 10 hits

I itw' MO f'is: 0 t

1i'i 'Ir1 K- 12 sinl-4 F.)AU

H. 'or f HUw'': 1). 5 - 20 21bcs

lior' j~n.ii': 15 - 5 0

PI' '': prox . 500, 000
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S' 101-j . •!.

I ' I Ii, ! 2I1 .'K - I , 'i Hate: t ,' 125 M /lits, '

I i i),- S:' ,'t' !: I t 1201 in. /-,. "'a; S t : . ii 180 It. s '

i Fi i- 84 fin ow. lt-i~iri I atn a 13k-: 2:1

I .. I , -1:,;e keepm 1

St'ie ibw 1 ' ' 5 \5 (0t. "i a ,s: '

Pr"' " , wit: A\pp x I$, 500, 000 P'nwoer: 15() ,

2 i "'.-s: .\t .t',i,: .750, 00t0 'a }8 ii i : lilmi(wil a this

l tI ' ,, .": : I, - I. ) ,lx i at::' i', i l .iti II. ,.

" ', If , , I I:,, lP r\ lo );(u

t !lit - -w , , ". ' : ')' ] h',' r ' ;/ )v ,'  i. "l rl 'e : v

I I
Es~) a *') 1 ) . .sttr'i '_ : 6" 10 h~it

'l 'Apt, l.-rni t : ,200 It

1313 lrar1-: 2 8

I ifi r:t, order in not :light -rate., also it requires more power than units made by

)ilher !itanufaC1 1'rers. 1lomevwetl is p resent lv developing a ruggedized recorder for

:I, Ntvv. Souit, inhwi'ti ation on it will be available in September 1982.

il,.l Znd 1lIwcl[

Model MA1S 1428

Estimated storage density: 16. 6 KBit/in.

Data Tracks: 28

Tape Length: 9200 ft
10

Total Storage: 5" 10 bits

Record Speeds: 1. 875 to 60 in. /sec

Record Power: 125 W (including electronics)

Heater Power: 300 W (not always needed)

Price: Approx $150, 000

Amp ex

No recorder directly available for space flight. It appears that Ampex is

cooperating with Odetics in the field of recorders for space applications.

E Ml

No recorder available for space flight.

4 11
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Again, engineering judgment must be exercised to formulate a reasonable

suggestion of a tape recording system. The following characteristics are highly

desirable:

(a) Low power absorption,

(b) Variable speed,

(c) Two distinct recorders (to enhance reliability),

(d) Reasonable price.

It seems that the most balanced design at this time consists of a system made

up by two Bell and Howell MARS 1428 recorders. Two recorders rather than one

allow longer experiments and in the case of one recorder failing, the second one

provides storage tor part of the experiment. These recorders can be switched on

and off so that only one at a time has to be active. One or two tracks on each

recorder mav be used for error correction, with a corresponding reduction of total

storage.

This type of recorder requires power on (in STOP mode, power approx 55 W)

for takeoff and landing of the STS, in order to avoid damage to the tape. While the
energy consumption is negligible, there is the need of additional circuitry to turn

a)n and off the recorders at the right time.

The required power is rather high but the recorder is proven and relatively

inex)ensive. The selection of the Bell and Howell MARS 1428 is valid only at this

time, since several manufacturers are presently developing recorders worthy of

consideration. Therefore, at design time, it will be necessary to reconsider the

recorder selection, checking again the various units then available.

7. A\I'TITI 1) E CONI'R{0, SYSTEM (A CS)

This platform is designed to he a support systen, for a vast set of scientific

expe riments of different duration and pointing requirements. Typical desirable

properties are:

(a) Pointing drift in 10 main < 5 sec of arc,

(b) Outgassing as limited as possible,

(c') Number of nointing maneuvers = 5 per orbit,

IN 13enosition, ing error -: 20 min ol arc.

Spec.ifications of this order, particularly low drift, require a rather elaborate

active A(S. It is (.lear that in order to have low irift, a good quality inertial
referen,.- is required. The "tuned restraint" gvro systems typically can have drift

less than 6 m in f ar( 'hr; therefore, this type of inertial reference seems adequate

when used ill ,onne, tioMm with an an aurate star tracker. Laser gyros are preeentlv

becornin availalhl and shoull he cons idered at final design time. Another tvpical

12



mode of operation is target tracking with pointing er ,r signals delivered by tile

scientific instruments. This tracking nay be required by some experiments and

should also be considered when designing the overall ACS. It has to be taken into

account that any practical inertial reference required to operate through seven lays

must be periodically realigned to an absolute reference. A star tracker tan he

designed to perform this job, and it appears from the technical literature (M(A

Technicat Communications, for example) that the design of this functional sequence

has been successfully implemented. Therefore, no unusual technical diffi cultv is
expected.

The repeated pointing maneuvers and tiWe iinimuni outgassing requirements

dictate the use of reaction wheels for most of the maneuvering. This technique also

is weld established and offers no technical surprise. Together with the reaction

wheel subsystem there is need of a momentum lesaturation subsvsten, like gas

jets or magnetic field torquers. Both monientum desaturation methods involve

proven technologies. Gas-jets are quick aNcting and requi e reaction gas; magnetic

Nield torquers develop smAll torques, therefore are slow in action and require electric

energy, but no gas. This propertv is highly desirable, but their small torque niav

he a serious drawback. The residual tumbing of the platforim when releasei in orbit

by the Remote Manipulator System is probably verv small (this estimate should be

checked with NASA); however, the listurbanre torques on the platform probably are

rather high, particularlv the aeroIvnamic torques, given the low altitude of the

flight. 1"

These considerations probably force selecting a gas-jet svstem rather than a

magnetic field torque system. In order to be able to estimate the gas-.et system

activity, a rather detailed analysis of the disturbance torques should be done. This

in turn can only be done after the mechanical design is completed.

In conclusion, our ACS must include the following subsystem:

(a) 3-axis stable platform,

(b) Star tracker,

c) Gas ,ets,

(d) Reaction wheels.

The entir'e set of these subsystems is necessary for high-accuracy pointing in

a long flight. No additional maneuvering capability is planned at this time: the

shuttle will take care of placement in orbit and recovery of the platform.

8. S)'SI'E PO)ER IEQL IRIKEMNT

This standard platforn is designed to support manv different experiments,

therefore, it is not possible to predict the exact energy requirements fOr anv

13 A
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possible nnission. flo,,ever, it is possible :o est i t :r , ,.. ' . , . -

keeping. Here it is in some detail.

ACS 28 W (n l il UOU'

Star T"racker 14 W Continuous

Reaction Wheels 25 V Continuous

Tape Recorder 125 W When Recorlinc

Tape Recorder 0 XX On Standby

On-Board Electronics 25 CV Continuous

Contingency 2 W Continuous

Total estimated energv for 24 hours, ith onlY 2 hours of recorder o(w rot

(23 - 14 25 • 25 - 20) • 24 125 • 2 = 2!'38 Wh = Approx 3 K\Vh .

Every hour of additional recording requires 125 Wh more.

Notice that the above figures are rather rough St initates of the powcr rei.uir,,-

ment. At design time, a revision of these values is imperative. It is clear that

it is desirable to reduce as much as possible the power con-umniption of the con -

tinuouslv running subsystems, even at the expensc ol some redesign. This point

should be considered carefully at final design time.

The suggested tvpe of tape recorder requires power (55 W per rcorder-) ;ipl e I

during STS takeoff and landing. It appears possible to apply this power autor'ati,.-

aliy, using accelerometers to close a time switch.

If these accelerometers are sensitive enough to operate during deployment in

orbit and retrieval, no harm is done; only a small amount of electrical energy is

lost. A small separate power supply (perhaps Ni-Cd batteries) is required to supply

power to the Test Controller. The related energy requirement is very small (at

most a few Wh) and poses no problem whatsoever. Another separate, very small

power supply may be used to energize the system clock, in order to have a stand-

alone time source. A small lithium battery probably will suffice for a very long

time (thousands of hours).

9. SUI;GESTEI) POWER SYSTEM

Different types of energy sources have been consideredI. They are listed below:

(a) Lithium Cells - Non rechargeable, high ene rgv per unit mass

(3 00 k h,'kg',

(b) Lead Acid - Rechargeable, melium energy p r unit mass

40 Whikg),

14



(c) Nickel-Cadmium - Rechargeable, medium energy per unit mass
(40 Wh I kg),

(d) Solar Cells - Virtually unlimited energy, low or moderate

nower levels. Rather complicated mechanical installation,

(el Fuel Cells - Possible weight advantage over rechargeable

batteries. Expensive and critical in operation,

(F) Silver-Cadmium and Silver-Zinc Cells - Rechargeable,

high energy per unit mass (up to 160 Wh/kg). Data from

two manufacturers (Yardnev and Eagle-Picner) indicate

that they are available packaged as batteries, rated for

space flight.

Since the total energy needed per each mission is relatively limited, solar

ells and fuel cells may be ruled out, considering their mechanical complication

and high cost. It is practical to expand the technique used in many sounding

rockets, that is, to use rechargeable batteries as power source.

Rechargeable batteries, compared with non-rechargeable ones, offer the ad-

vantage of allowing repeated tests of the entire system (platform plus experiment)

before launch, without replacement of the batteries themselves. Their use is

onsidered the best choice for our application.

It appears that the weight advantage of the Silver-Zinc cells dictates the use

,4f this type of Dower source, when compared with the various different possible

alternatives. Silver-Zinc cells develop a limited amount of gas (H2 and 02) during

*ischarge; therefore, they are vented, but the battery container may be sealed.

\ enting space has to be provided inside the battery container, and a safety vent is

installeI on the container itself to protect it in case of abnormal development of

gas. A manufacturer (Eagle-Picher) claims that it has succeeded in eliminating

-fhe hydrogen accumulation n a sealed batter container by having the hydrogen used

up and converted into water by a nickel-hydrogen cell located inside the same sealed

container. This technique or some equivalent one is highly desirable, in order to

reduce the chance of hydrogen-oxygen explosions.

The energy density of 160 %%h!kg has been used in the following estimates.

This value refers only to the cell mass (without container).

Applying the above indicated energy figures it results that 24 hr of operation,

including 2 hr of recording, require a cell mass of approximately 19 kg (41 lb)

nlus an additional 0. 8 kg 11. i5 Ib) for each hour of additional recording.

The estimated total mass for a 7-day mission, with a total of 14 hr of recording

is approximately 129 kg (2.85 lb). The mass of the battery sealed container has to

be added to this figure.

Notice again that this estimate does not include energy for the experiments.

15
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10. SOMIK \IE(MiI..\NICA\ I).\iIrARL

The mechaniaI conliguration of our platform is extrenielv important for

* ,inv obvious reasons. ifelic aie a few:

(a) STS tom patibilitv - Our platform must be loaded into the STS payload bay,

then deployed in orbit and later retrieved from orbit. After landing of the STS, our

platform 1111list be rlemoved easily from the S'IS payload bay. Orbital deployment and

retrieval require the existence of a mechanical grapple fixture to be utilized by the

Remote Manipulator Svsten of the STS. A support pallet attached to and remaining

in the SI'S payload bay is very likely necessary.

(b) Environmental Control - Pressurization must be supplied to the tape re-

,orders and possibly to the electronic circuits. Temperature control is necessary

for the tape recorders and the batteries and possibly also for the electronic cir-
cuits. A form of temperature control, active or passive, is needed. It seems at

this point that passive temperature control may be realized by enclosing the whole

platform into a thermally conducting shell, painted on the outside with an appro-

priate white/black pattern and properly insulated on the inside. The scientific

instruments may be located in a compartment open to space and separate from the

support equipment compartment.

(c) Easy Accessibility - It is highly desirable to be able to replace defective

units even a short time before take-off. This point does not lead to any preferred
configuration, but must be kept in mind at every stage of the final design.

(d) Testing - Attention should be given to laboratory testing of the entire unit.

A specialty designed mechanical support system should be available for extensive
dynamic testing of the entire platform and particularly its ACS, offering three-axis

freedom of motion without (or almost without) friction. A good dynamic test pro-

gram for the platform should simulate all the events that it will see in a single flight;

therefore, this test system should be capable of operating for up to-seven days with-
out interruption. The platform test mode and its operational mode should be acti-

vated, the ACS should work, the recorders activated, and so on.

(e) Launch charge on STS is determined by payload size (in the bay length

direction) and/or weight. Minimum length of bay available is 3. 5 ft and maximum

weight per foot is 1000 lb, for a standard charge. Therefore, it is likely that the

space platform would assume the shape of a cylinder or nest of cylinders 3. 5 ft in
diameter, spanning the bay and weighing approximately 3, 500 lb.
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11. PROPOSED SEQUENCE OF EVENI'S IN A FIIT

(a) Platform is tested extensively on ground after installation into S] S.

(b) During STS takeoff recorders are automatically energizt'd in ST)I' meltd'.

Accelerometers determine the exact turn-on and turn-off itnstants. No r%, :ition

is required.

(c) When STS is in orbit, its crew does the following:

1. By radio link closes switch I for system te-st.

Platform responds Y ES or NO.

2. After YES response, crew releases meI'a i cala lt,i

then b y Remote Manipulator deploys tlatfii'ott ill 01htil.

3. When platform is released ant off' Iemote Manimplator.

crew by radio link close: switch 2, startirm t'\jiI'r'ilt'lt.

(d) The retrieval from orbit is done as ftoIlows:

1. Bv radio link, STS crew clo,-es switc-h 3 turniii n Y1

all svstents and (tischarging r,'sidual At'S aS.

2. By Remote Manipulator, crew retrieves platforn

and secures it on palet.

3. Pallet mechanical latch is automaticaly or inanuallv

latched.

(e) Power is automaticalLy supplied to tecorder's ill T)i' 11 1it, tor t'm eimt v

and landing. No crew action is required.

12. TEST AND EXPERIMENT MODES

It is possible at this point to draw simple block diagrams of the autonmatic test

and experiment modes of operation. Figures 1, 2, and 3 show these block diagr'ams.

The Test Mode is activated by means of a remotely cmontrolled switch which

resets and starts the Test Controller. 'l'this mode is availabl, l'or repeated tests.

A diagnostic message for' each tested unit will be issued, as a ehugginty ielp for

ground tests. The same Test Mode will provide the STS no)'rator with a YES otr NO

message. Eventually, after observing the YES message, the SIS operator will

deploy the platform in orbit and then initiate the E xpe riiment \Moute 1v r'(mott',lv

losing a separate switch. The Test Mode operation is planned as follows:

(a) Software issues sequentially to port 0 diffei'rent test crotdes, il (order' to

activate test mode in each unit to be tested. Appr'opt'iat'e time i thlavs art, 'rovid't.

(b) Hardware decoder activates test mode itt uniit ('0rr's pomiinrg to lest code..

(c) Each unit performs test, then issues r'epoitse to colrr'spmding port.

17
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I ' e t 'o t ro[!. read Is all , i , , : , t, , I h t - ,', I, rter, ! t , r I I.;,,I1(

,iAL~fl,). ic ssae r(o each Ullit.

\e) After step (d). Test ont roller CXe vUtes another check on stored inputs

" nl issues a YES )r NO message.

() Test C'ontroller halts, and it is ready to be reset and restarteca, unless

lhe i:Experiiment Mode is activated.

UNITSMAIN POWER

P" TIME

SEQUENCER7

LOCAL hI
POWER GYROS

STARFTRACKERI
I

••DETAILED TEST GAS JETS

DIAGNOSTIC CONTROLLER .1"--'--- I I
SII

REACTION WHEELS

YES - -. , - - -

RECORDER 17

NORECORDER2

No IL

OATA PROCESSING

• { EXPERIMENT1

~u ' 1. "'est rM ' [IIl)-k I)i;u gu'rn

Le



Th'le iExperiment mode is activated b%, I separatt, iennttev "()it ru1 l .-wilch.

A sequencer turns on the various units and the experiinents, it the iimi1

A cloc-k is desii~ned into thte svs'tem ndl its outputt is used to i to n )

the sequencer and to the recorders.

TETCONTROLLER

MICRO- RESE

I.I

DEAIE PORTA



ACS

REODR

EXPERIMENT

2

Pi glue 3. E:xperi ment j\Iode Block Djiagr'am

II (-; ffolrt ill corIt j liiin the development of our Space Platform is inl
ordler, Since the STS iS; 110W entering its routine oporations. lcotioniy of' operation
A10.14SsihI itV Of lon~g exeVrimierts ill space will prohablv dirtate the use of this
platfornm or of ;I SIr'liil device.

Thle cliti re developmient eflbrt ,,iould follow the outline here given:
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Ie.Lilily ti1i~l~rrarv' Stuldv ConlceptsI

l'relirrw iarv I )es igni

\ANSA I it r' ace

S shuttle Integration
I tir jeview

Technical I esieri Revii.,

L j: reeze

L Fabricate

U lntevzrate :1n1d 'IX t

TIhis pant' reports the IPrelirinary St1,1 rh ofl-e!)ts, and heprins, to leveler 'he

Irrslrlturly. lTh' r'eririniIL st'eps shlould be exee:(-tter in order to) arrit ' it

at 'Aii m todet int a reasonable tirre, tierhaps as soon as195
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